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Hydroxyl-rich topaz in high-pressure and ultrahigh-pressure kyanite quartzites, with
retrograde woodhouseite, from the Sulu terrane, eastern China
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ABSTRACT
Hydroxyl-rich topaz was recognized in thick kyanite quartzites from both high-pressure (HP)
and ultrahigh-pressure (UHP) belts of the Sulu terrane, China. These quartzites contain variable
proportions of quartz, kyanite, and topaz, with minor phengite, pyrite, and rutile. Some topaz grains
from the UHP belt contain abundant inclusions of oriented kyanite, whereas those from the HP belt
are partially replaced by woodhouseite [CaAl3(PO4)(SO4)(OH)6]. Most topaz crystals contain 9.5 to
13.5 wt% F [0.92–1.30 atoms per formula unit (apfu)], indicating 35–55% substitution of F by OH.
Such naturally occurring, hydroxyl-rich topaz has not been previously reported. Some topaz grains
from the HP belt show distinct zoning: (1) decreasing F content from narrow cores (13.3–16.5 wt%)
to thick rims (9.5 wt%) or (2) oscillatory zoning (9.44–12.77 wt%). Unit-cell parameters of topaz
show a positive linear correlation between the OH content and a and b as well as volume. Based on
our petrologic data, the experimentally determined curve of Ky + H2O = topaz-OH at very high
pressures, and calculated OH/(OH + F) isopleths of topaz at low pressures, the topaz with XOH ~ 0.35
from the UHP belt may have formed at P-T conditions within the coesite stability field. The P-T
condition of HP topaz is less well constrained; its high XOH (0.40–0.55) may have been caused by
lower metamorphic temperatures and higher initial XOH in comparison with UHP topaz. Hydroxylrich topaz together with other hydrous minerals in UHP rocks may be important carriers of H2O to
mantle depths of 100–200 km during continental subduction.

INTRODUCTION
Since coesite was discovered in the Dora Maira Massif,
Western Alps, and in the Western Gneiss Region of Norway
(Chopin 1984; Smith 1984), a dozen ultrahigh-pressure (UHP)
metamorphic terranes have been recognized (e.g., Ernst and
Liou 1999). These terranes are characterized by eclogite,
whiteschist, and gneiss that contain neoblastic garnet and zircon with inclusions of coesite and/or diamond (e.g., Sobolev
and Shatsky 1990; Massonne 2000; Katayama et al. 2000;
Parkinson 2000). In some cases, coesite occurs as inclusions in
omphacite, kyanite, zoisite, epidote, and dolomite (for references see Zhang et al. 1996a; Liou et al. 1998). UHP solidsolution phases inferred from exsolution microstructures also
have been documented (e.g., Zhang and Liou 1999). Typical
examples are (1) clinopyroxene (cpx) lamellae in garnet from
lherzolite and eclogite, inferred to represent majoritic garnet
as a precursor phase (van Roermund et al. 2000; Ye et al. 2000);
(2) clinoenstatite lamellae with antiphase domains in diopside
from Alpe Arami garnet peridotite, suggested to represent highP clinoenstatite (C2/c) as an initial exsolution phase (Bozhilov
et al. 1999); (3) K-feldspar and phengite lamellae in diopside
from diamond-bearing dolomitic marble, evidently reflecting
a potassic cpx precursor; and (4) coesite needles in titanite prob* E-mail: zhang@pangea.stanford.edu
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ably exsolved from high-P siliceous titanite (Ogasawara et al.
2002, this issue).
Experimental studies of hydrous phases including lawsonite,
Mg-sursassite, phase A, phengite, topaz-OH, hydroxyl-titanian
clinohumite (e.g., Ulmer and Trommsdorff 1999), phlogopite,
and potassium richterite (Luth 1997; Konzett and Ulmer 1999)
suggest that some hydrous phases may store a significant
amount of H2O at upper-mantle depths. Identification of the
hydrous phases in UHP rocks is thus critical to understanding
the recycling process of H2O in the subduction of supracrustal
rocks. Topaz-OH has been synthesized at a pressure of about 5.5
GPa at 700 ∞C and >9 GPa at 1000 ∞C (Wunder et al. 1993), and
has been considered as an important hydrous phase in deeply subducted pelitic sediments (Domanik and Holloway 1996).
Topaz is a solid solution between topaz sensu stricto,
Al2SiO4F2, and its hydroxyl analog, Al2SiO4(OH)2. Flourine is
dominant in natural topaz, which is typically confined to siliceous igneous rocks and late-stage hydrothermal veins in
pegmatites or greisens (for a summary of topaz occurrences,
see Ribbe 1982). Metamorphic topaz has been reported in highpressure (HP) blueschist facies metasediments (XOH up to 0.33)
from the island of Crete (Theye 1988) and HP quartzites from
the Qinling-Dabie orogen, east-central China (Kang et al. 1992;
Jing et al. 1995). Some topaz-bearing quartzites from South
Africa are similar to Sulu quartzites and contain secondary
sodian alunite (Beukes et al. 1991; Willner et al. 1990). How-

